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Audio Accessory Switching Circuit 



TECHNICAL FIELD 



This invention relates generally to electronic input arbitration circuits, and more 
specifically to circuits that arbitrate two or more audio inputs to a single pair of speakers. 



Cellular telephones are becoming more and more popular. According to the Cellular 
Telecommunications Industry Association, there were over 97 million cellular telephones in use 
in the United States alone in 1999. As more and more people become "cell phone active", they 
begin to demand more and more features from their telephones. 

Numerous products on the market today incorporate non-traditional features into cellular 
phones. For example, the StarTac™ series phone manufactured by Motorola can be purchased 
with a clip-on personal data assistant, which is capable of storing appointments, phone lists, and 
to-do reminders. Additionally, the Visor™ personal data assistant manufactured by Handspring 
has an expansion slot that allows it to become a cellular telephone. 

One such accessory for cellular telephones that has been recently incorporated is a MP3 
player. "MP3" is an acronym that stands for MPEG-1 Audio Layer-3, which is a standard 
technology format for compressing digital music into a small file format. MP-3 technology 
allows large amounts of information to be stored in small, relatively inexpensive memory chips. 
Many cellular phone manufacturers, including Motorola, will soon offer clip-on devices that 
allow people to play MP-3 music through their cellular phone. 

There is a challenge in this design, however, in that cellular phone users want to use the 
same speaker or headphones for MP-3 music as they do for cellular calls. In other words, people 
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want their headset to automatically switch from phone call to MP-3 music, without having to 
adjust the headset. This creates a problem in that MP-3 music is in stereo, which means that the 
music channel for the left ear and the music channel for the right ear are separate. Cellular calls, 
on the other hand are mono, meaning that the same channel is fed to both ears. Thus, any 
automatic switching circuit must provide for this difference. Additionally, there is great pressure 
to keep the cost of electronic products low. Thus, any solution must have a small part count. 

A need therefore exists for a system capable of switching between telephone calls and 
other audio accessories in cellular telephones. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a preferred embodiment of a switching circuit in accordance with the invention. 



A preferred embodiment of the invention is now described in detail. Referring to the 
drawings, like numbers indicate like parts throughout the views. As used in the description 
herein and throughout the claims, the following terms take the meanings explicitly associated 
herein, unless the context clearly dictates otherwise: the meaning of "a," "an," and "the" includes 
plural reference, the meaning of "in" includes "in" and "on." 

Referring now to FIG. 1, illustrated therein is a preferred embodiment of a switching 
circuit 100 in accordance with the invention. This preferred embodiment has four inputs: a mono 
phone audio line 1 1 1, an accessory left channel 101, an accessory right channel 103 and a call 
control signal 107. The phone audio line 111 carries analog signals from the phone circuitry (not 
shown) to the speakers 1 14,1 15, as well as from the microphone 1 13 to the phone circuitry. The 
accessory right and left channels 101,103 provide audio input from an external device, like an 
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MP3 player for example. The call control signal 107 is an interrupt line that becomes active 
when a call is being received or transmitted, but otherwise remains idlfe. 

When no call is being transmitted or received, the call control signal 107 is low. The call 
control signal is coupled to four transistors: a left accessory transistor 105, a right accessory 
5 transistor 106, a left phone transistor 109 and a right transistor 1 10. In a preferred embodiment, 
the transistors 105,106,109,110 are metal-oxide semiconductor field-effect transistors 
(MOSFETs). The left and right accessory transistors 105,106 are p-channel MOSFETs, while the 
left and right phone transistors 109,1 10 are n-channel MOSFETs. 

When the call control signal is low, the left and right accessory transistors 105, 106 are 
10 biased in the conducting or "ON" state, while the left and right phone transistors 109,1 10 are 
"OFF'. This allows the left accessory channel 101 to pass through the left accessory transistor 
105 to the left common node 108 and on to the left speaker 1 14. Likewise, the right accessory 
channel 103 passes through the right accessory transistor to the right common node 1 12 and into 
the right speaker 115. 

15 When a call is transmitted or received, the accessory channels 101,103 must be turned 

off, and the phone audio bus 111 must be coupled to both speakers 1 14,1 15. This is 
accomplished via the call control signal 107. As stated earlier, when a call is transmitted or 
received, the call control signal 107 goes to an active high voltage. The active high voltage 
causes the left and right accessory transistors 105,106 to turn off, while the left and right phone 

20 transistors 109,1 10 turn on. This causes the left accessory channel 101 to be disconnected from 
the left common node 108, and the right accessory channel 103 to be disconnected from the right 
common node 112. The phone audio bus 111 may now pass through the left phone transistor 109, 
the common node 108 and the right phone transistor 1 10 to the left common node 108 and right 
common node 112 respectively. In this manner, the phone audio bus 1 1 1 is coupled to both the 

25 left speaker 1 14 and the right speaker. 



Note that the microphone 1 13 is also coupled to the phone audio bus 1 1 1 when a call is 
being transmitted or received. As the phone audio bus 1 1 1 is a mono, bi-directional line, input 
and output are coupled to the same bus 1 1 1. A ground node 1 16 provides a common reference for 
the differential signals that are applied to the speakers 114,115 and generated by the microphone 
1 13. Additionally, the pull-up resistors 104 coupled to the power node 102 ensure proper biasing 
of the left and right accessory transistors 105,106. 

In this preferred embodiment, the call control signal 107 is active high, which means that 
when no call is being received or transmitted, the call control signal 107 is low, or 0 volts. When 
a call is present, the call control signal switches to a level of 2.5 - 5 volts. The invention works 
equally well for active low, provided that the transistor conventions are switched, i.e. N-channel 
devices are switched with P-channel devices and vice versa. Additionally, the invention is not 
limited to using MOSFETs as the transistors. Bipolar transistors, relays, JFETs, vacuum tubes 
and the like may be equally substituted. 

While the preferred embodiments of the invention have been illustrated and described, it 
is clear that the invention is not so limited. Numerous modifications, changes, variations, 
substitutions, and equivalents will occur to those skilled in the art without departing from the 
spirit and scope of the present invention as defined by the following claims. For example, this 
exemplary circuit 100 is for a single audio accessory, but the invention is not so limited. It could 
easily be expanded to multiple accessories by adding additional control signals and p-channel 
transistors. 



